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(57) Abréegée/Abstract:

I
F
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Power cables that comprise a sheath layer, e.g., an insulation layer, are produced from a mixture of a high pressure polyolefin free
of silane functionality, e.g., high pressure low density polyethylene, and a polyether polyol of which at least 50 percent of Its

molecules comprise no more than a single hydroxyl functionality.

Preferably, the power cable Is a medium or high voltage power

cable, and the polyolefin Is crosslinked as the sheath layer Is fabricated and/or subsequent to the fabrication of the sheath layer.
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(57) Abstract: Power cables that comprise a sheath layer, e.g., an insulation layer, are produced from a mixture of a high pressure

polyolefin free of silane functionality, e.g., high pressure low density polyethylene, and a polyether polyol of which at least 50 percent

of its molecules comprise no more than a single hydroxyl functionality. Preferably, the power cable is a medium or high voltage

3 power cable, and the polyolefin is crosslinked as the sheath layer is fabricated and/or subsequent to the fabrication of the sheath layer.
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LOW DIELECTRIC LOSS POWER CABLE SHEATHS COMPRISING HIGH
PRESSURE POLYOLEFINS FREE OF SILANE FUNCTIONALITY

FIELD OF THE INVENTION

AR AR AR TR R R R R R

((G0F]  This invention relates to power cables. In one aspect, the mvention relates 1o
power cables comprising one or more insulation sheaths while in another aspect, the
invention relates to power cables in which the insulation sheath or sheaths comprise a high
pressure polyolefin free of silane functionality. In still another aspect, the mvention relates to
the manufacture of the high pressure polyolefin free of silane functionality while yel m
another aspect, the invention relates to the Iubricant used in the hypercompressors that are

used to generate the high pressure for the polyolelin manufacturing process.

BACERGROUND OF THE INVENITION

TSN N - _ARRRRRRWW S 3

(06021  Typical electric power cables generally comprise one or more conductors in a
cable core that is surrounded by several layers of polymeric materials including a first semi-
conducting shield layer (conductor or sirand shield), an insulating layer, a second semi-
conducting shield laver (insulation shield), a metallic tape or wire shield, and a protective
jacket. The outer semi-conduciing shield can be either bonded to the insulation or sirippabie,
with most applications using strippable shields. Additional layers within this construction,
such as moisture impervious materials, are ofien incorporated.

{033 Many cable sheaths, e.¢., an insulation sheath, a protective jacket, efc., are
prepared from high pressure polyolefins, e.g., high pressure low density polyethylene
(HPLDPE). The manufacture of these polyolefins requires, as their name implies, igh
operating pressures, e.g., operating pressures of 70 to 350 megapascals (MPa, or about
10,000 to 50,000 psi) are typical with operating pressures of 240 to 310 MPa (about 35,000
to 45,000 psi) preferred. To achieve these high pressures, one or more hypercompressors are
employed, and the operation of this equipment requires the use of lubricants. Unfortunately,
given the high operating pressures and the nature of commercially available hypercompressor
seals, lubricant inevitably leaks into the reactor, albeit at very low levels {(e.g., parts per
million) to mix with and become part of the reaction mass, e.g., ethylene, comonomer,

solvent, catalyst, ete,, and ultimately the reaction product, i.c., the high pressure polyoletin,
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{00041 Traditionally, mineral oil has been used as a hypercompressor lubricant, but 1t 18
associated with substantial maintenance time for the hypercompressors. Polyhydroxy-
functional polyvatkylene oxide co~-polvols, such as UCON™ PE-320, which is avatlable from
The Dow Chemical Company, is another group of hypercompressor fubricants. While these
fubricants are generally betfer than mineral oil 1o the context of hypercompressor
maintenance, their presence in the high pressure polyolefin product can have an adverse
affect on the use of the polvolefin product both in processes in which the polyolefin 15
eventually crosslinked, and in the performance of the polyolefin in its mtended use, even if
the lubricant is present only in parts per mullion amounts.

00031 Due to the presence of multiple hyvdroxyl groups and the hydrophilic ethylene
oxide groups, these lubricants are quite hydrophilic. This can result in increased water
uptake by the polymer and this, in turn, can adversely affect the properties of the article made
from the polymer. For example, the presence of unwanted water and the polyhydroxyl
functionality on the lubricant can increase the elecirical losses of an insulation sheath made
from the volyvolefin when the sheath is exposed to the high electrical stress conditions of a
medium or high voltage power cable. Increased electrical losses will, in turn, shorten the
useful life of the power cable. Moreover, the presence of unwanted water and the
polyhydroxyl functionality on the lubricant can result in scorch, i.e., pre-mature crosshinking
of the polvolefin, during the process of fabricating the insulation sheath.

100061 Accordingly, the polymer fabrication industry, particularly the wire and cabic

industry, has a continuing interest in compositions and methods for preparing cable sheaths
comprising a high pressure polyvolefin that will reduce electrical losses in medium and high
voltage power cables.

SUMMARY OF THE INVENTION

.
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188071 In one embodiment, the invention is a composition comprising a (i) high pressure
polyolefin free of silane functionality, and (it) polyether polyol of which at ieast 50 percent
of its molecules, i.e., 50 percent of the bulk polymer molecules, comprise no more than a
single hydroxyl functionality.

OGO In another embodiment, the invention is an extruded or molded article comprising

a crosslinked high pressure polyolefin free of silane functionality and a polyether polyol of
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which at least 50 percent of its molecules, i.e., 50 percent of the bulk polymer molecules,

comprise no more than a single hydroxyl functionality.

[0009] In another embodiment, the invention is a power cable that comprises a sheath
layer, e.g., an insulation layer, which is produced from a mixture of a high pressure polyolefin
free of silane functionality and a polyether polyol of which at least 50 percent of its
molecules, 50 percent of the bulk polymer molecules, no more than a single hydroxyl
functionality. Preferably, the power cable is a medium or high voltage power cable, and the

polyolefin is crosslinked as the sheath layer is fabricated or subsequent to the fabrication of

the sheath layer.

[0009a] In another embodiment, the invention relates to a cable sheath comprising a
crosslinked, high pressure polyolefin free of silane functionality and a hydrophobic polyether

polyol of which at least 50 percent of its molecules comprise no more than a single hydroxyl

functionality.

[0009b} In another embodiment, the invention relates to the cable sheath as described
herein in which the high pressure polyolefin free of silane functionality is selected from the
group consisting of: HPLDPE, ethylene vinyl acrylate, ethylene butyl acrylate, and ethylene
ethyl acetate. .

BRIEF DESCRIPTION OF THE DRAWINGS

[0010] Figure 1 is a graph reporting a comparison of the 75°C dissipation factor
(dielectric loss) of polyethylene made with UCON " PE-320 compressor lubricant and

polyethylene made with UCON' PE-305 compressor lubricant at stress levels ot 0-25

kilovolts per millimeter (kV/mm).

DESCRIPTION OF THE PREFERRED EMBODIMENTS

[0011] Definitions:
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[0012] The numerical ranges in this disclosure are approximate, and thus may include
values outside of the range unless otherwise indicated. Numerical ranges include all values
from and including the lower and the upper values, in increments of one unit, provided that
there is a separation of at least two units between any lower value and any higher value. As
an example, if a compositional, physical or other property, such as, for example, molecular
weight, viscosity, melt index, etc., 1s from 100 to 1,000, it is intended that all individual
values, such as 100, 101, 102, etc., and sub ranges, such as 100 to 144, 155 to 170, 197 to 200,
etc., are expressly enumerated. For ranges containing values which are less than one or
containing fractional numbers greater than one (e.g., 1.1, 1.5, etc.), one unit is considered to
be 0.0001, 0.001, 0.01 or 0.1, as appropriate. For ranges containing single digit numbers less ’
than ten (e.g., 1 to 5), one unit is typically considered to be 0.1. These are only examples of
what is specifically intended, and all possible combinations of numerical values between the

lowest value and the highest value enumerated, are to be considered to be expressly stated in

3a
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this disclosure. Numerical ranges are provided within this disclosure for, armong other
things, the amount of hydroxyl functionalily in the bulk polyether polyol, the amount of
lubricani relative to the polvolefin polymer free of silane functionality, and vanous
temperature and other process ranges.

00137 “Cable,” “power cable” and like terms means at least one wire or optical {iber
within a protective jacket or sheath. Typically, a cable is two or more wires or optical {ibers
bound together, typically in a common protective jacket or sheath. The individual wires or
fibers inside the jacket may be bare, covered or insulated. Combination cables may contain
hoth electrical wires and optical fibers. The cable, etc. can be designed for low, medium and
high voltage applications. Typical cable designs are illustrated in USP 5,246,783, 6,496,049
and 6,714,707,

8014]  "Polymer” means a polymeric compound prepared by polymernzing monomers,
whether of the same or a different type. The generic term polymer thus embraces the term
homopolymer, usually emploved to refer to polymers prepared from only one type of
monomer, and the term interpolymer as defined below.

{0015] “Interpolymer”, “copolymer” and like terms means a polymer prepared by the
polymerization of at Jeast two different types of monomers. These generic terms include
copolymers, usually employed o refer to polymers prepared from two different types of
monomers, and polymers prepared from more than two different types of monomers, €.8.,
terpolymers, tetrapolymers, ete. The term “interpolymer” includes all forms of

inferpolymers, e.g., random, block, et

00161 “Bulk polymer” and like terms means the polymer as formed in a reactor, 1.¢., 8
collection of individual polvmer molecules. Not all individual molecules of a bulk polymer
are alike in all respects, e.g., length, monomer sequence, functionaiity, ete.

100171 “Polyolefin” and like terms means a polymer derived from one or more simple
olefin monomers, ¢.g., ethylene, propylene, 1-butene, 1-hexene, 1-octene and the like. The
olefin monomers can be substituted or unsubstituted and if substituied, the substifuents can
vary widely. For purposes of this invention, substituted olefin monomers include
vinyHrimethoxy silane, vinyl acetate, Cy alkyl acrylates, conjugated and nonconjugated
diencs, polyenes, vinylsiloxanes, carbon monoxide and acetylenic compounds. If the

polyolefin is to contain unsaturation, then preferably at least one of the comonomers 1 at
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feast one noncongugated diene such as 1,7-octadiene, 1,9-decadiene, 1,11-dodecadiene, 1,13-
tetradecadiene, 7-methyl-1,6-octadiene, 9-methyl-1,8-decadiene and the like, or a siloxane of
the formula CHy=CH-[S1{CH3)-O1-S1y{CH1),-CH=CH; in which n 15 at least one. Many
polyolefing are thermoplastic and for purposes of this invention, can include a rubber phase.
Polyolefins include but are not limited to polyethyiene, polypropylene, polybutene,
polyisoprene and thew various mnferpolymers.

[G018]  “High pressure polvolefin” and like terms means a polyolefin that has been
nroduced under high pressure conditions, e.g., at a pressure of at least 70 MPa (10,000 psi).
Representative high pressure polyolefing are those made by the high pressure processes
described in USP 6,407, 191 and 6,569,962,

00191 “Hydrophobic polyether polvol” and like terms means that the polyether polyol
will absorb 10 wit%6 or less water at eguilibrium at 100% humidity and under ambient
conditions. By way of example, both UCON PE-303 and UCON PE-320 are polyalkylene
oxide polyols but the former is hydrophobic while the latter is hydrophilic.

10028]  The phrase “characterized by the formula” is not intended to be limiting and 1s
used in the same way thatl “comprising” commonly is used. The term “independently
selected” is used to indicate that the R groups, e.g., R and R’ can be identical or different
(¢.2. R and R’ may be hydrocarbyls or R may be a hydrocarby! and R may be an inertly-
substituted hydrocarbyi radical). Use of the singular includes use of the plural and vice
versa. Named R groups will generally have the structure that is recognized m the art as
corresponding to R groups having that name. These definitions are intended to supplement
and illustrate, not preclude, the definttions known to those of skill 1n the art.

160211 “Hydrocarby!” means a univalent hydrocarbyl radical, typically contaiming 1 to 30
carbon atoms, preferably 1 to 24 carbon atoms, most preferably 1 to 12 carbon atoms,
including branched or unbranched, saturated or unsaturated species, such as alkyl groups,
atkenyl groups, aryl groups, and the like.

00221 “Inertly-substituted hydrocarbyl” and like terms means hydrocarbyl substituted
with one or more substituent atoms or groups, which do not undesirably inierfere with the
desired reaction(s) or desired properties of the resulting coupled polymers {e.g., aromatics).

23 “End-capping radical,” “end-capping group” and like terms means a radical or

group that is not reactive with other reagents or products present during the cure or Cross-
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linking process of polvolefin free of silane functionshity of this invention, and includes but 1s
not limited to an alkvl radical (e.g., U0, preferably a Ty, alkyl), an ester radical and a
urethane radical.

130241 “Alkyl” means a straight-chain, branched or unbranched, saturated hydrocarbon
radical. Suitable alkyl radicals include, for example, methyl, ethyi, n-propyl, i-propyl, n-
butvl, t-butyl, i-butvl {or 2-methvipropyl), hexyl, octyl, etc. In particnlar embodiments of
this invention, alkvls have between 1 and 200, usually between 1 and 50, more typicaily
between 1 and 20, and even more typicaily between 1 and 12, carbon afoms,

(30251 “Arvl” means an aromatic substituent which may be a single aromafic ring or
multiple aromatic rings which are fused together, hinked covalently, or linked to a common
group such as a methylene or ethyiene moiety. The aromatic ring(s) may inclade phenyl,
naphthyl, anthracenyl, and biphenyl, among others. In particular embodiments, aryis have
between 1 and 200 carbon atoms, between 1 and 530 carbon atoms or between 1 and 20

carbon gioms.

G “High Pressure Low Density Polyethylene”, “HPLDPE” and like terms mean an

ethylene homo- or copolymer containing long chain branching (LCB), the polymer prepared
by free-radical polymerization under a pressure of at least 70 MPa (10,000 ps1). Ifa
copolymer, the comonomer can be any molecule with an ethylenic group available for
polvmerization with the ethvlene monomer, but it is {ypically al least one (a0, more
typically at least one Ci.po, alpha-olefin {(a-olefin). Preferred w-olefins include propylene, 1-

butene, 1-hexene and 1-octene,

(6827 “Long chain branching”, “LCB” and like ferms mean, in the context of an
HPLDPE polymer for example, a branch chain exiending from the polymer backbone, the
branch chain comprising more than one carbon atom. If the HPLDPE is a copolymer, then

the LCB comprises one carbon more than two carbons fess than the total length of the longest

comonomer copolymerized with ethvlene. For example, in an ethyiene/l-octene HPLDPE
polymer, the LCB is at least seven carbons atoms in length., As a practical matier, the LCB s
longer than the side chain resulting from the incorporation of the comonomer mto the
polymer backbone. The polymer backbone of an HPLDPE comprises coupled ethylene units,
[3628] “Blend,” “polymer blend” and like terms mean a blend of two or more polymers.

Such a blend may or may not be miscible. Such a blend may or may not be phase separated.
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Such a blend may or may not contain one or more domain configurations, as determined
from transmission eleciron spectroscopy, light scatiering, x-ray scatiering, and any other
method known 1n fhe art.

{0297 “Compostiion” and like terms means a mixture or blend of two or more
components. In the context of a mix or blend of materials from which a cable sheath or other
article of manufacture is fabricaied, the composition includes all the components of the mix,
e.2., poivolefin free of silane functionality, lubricant, filler and any other additives such as
cure catalysis, anti-oxidanis, flame retardants, efc.

(00307  “Catalytic amount” means an amount necessary to promote the reaction of two
components at a detectable level, preferably at a commercially acceptable fevel.

60311 "Weight average molecular weight” (Mw) and “number average molecular
weight” (Mn) are well known in the polymer art and can be determined by, for example, gel
permeation chromatography as described in WO 2004/031250 Al

{30321  Lubricants:

160331  The lubricant used in the practice of this invention is a hydrophobic polyether
polvol of which at least 50, preferably at least 75 and more preferably at least 99, percent of
the molecules of the bulk polymer comprise no more than one hydroxyl functionality, 1.¢,,
comprise either one or none hydroxyl functionality. The polyether mouno- or non-hydroxyl
functional molecule has more carbon content than its polyhydroxyi-functional polyalkylene
oxide containing eguivalent, and is characterized by the formula:

R-{0O-R;],-O-R;

in which R is hyvdrogen or a Cy.op hydrocarbyl or inertly-substituted hydrocarbyl radical, R, 15
a Cr.ag hydrocarbyl or inertly-substituted hydrocarbyl radical, R; is an end-capping radical,
and n is an integer of 2-1000. R; and R, can be straight-chained or branched, e.g., 1t {-Ky]
is derived from ethylene oxide, then R is —CHy~CHjy—, if [O-Ry] is derived from propylene
oxide, then Ry is ~CHo-CH{(CH)~ in which (CH,) designates a branch. Preferably, Ry 15 a
Caap hydrocarbyl, In one embodiment, the end capping radical is an alkyl or an mertly

substituted atkvl radical.

({00341  Procedures for measuring or determining the percentage of molecules containing

no more than one hydroxyl functionality in a bulk polymer of polyether poivol are known to
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those of skill in the art, and can vary to convenience. One procedure of convenience 18 gel
permeation chromatography in which the hydroxyi functionahiy 1s tagged with an
appropriate marker, ¢.g., phenylisocvanate, The percentage of molecules comprising one of
none hydroxyl functionality can be expressed in terms of weight percent based on the total
weight of the bulk polymer.

{30351 Polyether polvols can be manufactured by the catalyzed addition of epoxies

(cyelic ethers) to an inttator, Cyclic ethers include but are not imited to propyiene oxide

(PO, ethvlene oxide (EO), butylene oxide, styrene oxide, cyclohexene oxide, and various
mixtures of two or more of these oxides. These oxides react with active hydrogen-contamning
compounds, which are referred fo as initiators, including but not limited to water, glveols,

N

polvols and amines; thas, a wide variety of compositions of varying structures, chain lengths,

and molecular weights are possible. By selecting the proper oxide or oxides, mitiator, and
reaction conditions and catalysts, it is possible to synthesize a series of polyether polyols that
range from low-molecular-weight polyglveols to high-molecular-weight resins.

80361 Polyether polyols can be prepared industrially by polyaddition of alkylene oxides
to polyfunctional starter compounds including but not limited to alcohols, acids, or amines
with base catalysis including but not limited to potassium hydroxide (K.OH) (see, tor
example, Gum, Riese & Ulrich {ed.): "Reaction Polymers", Hauser Verlag, Mumch, 159,
pp. 75-96). Following completion of the polyaddition, the basic catalyst is removed from the
polvether polyol using any suitable method including but not limited {o neutralization,
distiliation and filtration. Moreover, as chain length increases, polyether polyols prepared by
base catalysis leads to an increase in the mumber of monoe-functional polvethers terminating
iy doubie bonds.

00371 Mono-hydroxyl polyether polyols, i.e., polyether polyols in which 30 percent or
more of the bulk polymer comprises molecules containing no more than a single hydroxyl
functionality, can be formed by addition of multiple equivalents of epoxide to low molecular
weight mono-hydroxyl starters including but not imited to methanol, ethanol, phenols, allyl
alcohol, longer chain alcohols, and various mixtures of two or more of these alcohols.
Suitable epoxides include those described above. The epoxides can be polymerized using
well-known technigues and a variety of catalysts, including but not linited to alkali metals,

alkali metal hydroxides and atkoxides, double metal cyamde complexes. Suitable mono-
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hydroxyl starters can also be made, for example, by first producing a diol or triol and then
converting all but one of the remaining hyvdroxyl groups to an ether, ester or other non-
reactive group.

16038]  Useful mono-hydroxyl polyethers in this invention range in Mw from 100 to 3000,
preferably from 200 to 2200, Other alkylene oxides, or blends of alkvlene oxides, are usetul
and include but are not Hmited to mono hydroxvl functional butanol initiated propylene oxide
of 2000 Mw. Polyether polyol hyper-compressor lubricanis without hydroxyl functionality
include acid, isocyanate and carbon-capped versions of the above. Alkylene oxides and
blends of alkviene oxides can be prepared using methods well-known 1n the art.

30391 Polyolehing:

3040 The polyolefins used in the practice of this invention are high pressure

volyolefins, particularly HPLDPE, free of silane functionality. “Free of silane functionality”

means that the polyolefin does not contain, or contains only an incousequential amount,
cither incorporated into or grafted onto its backbone, a silane group or radical such as those
derived from silanes that comprise (i) an ethylenically unsaturated hydrocarbyl group, e.g.. a
vinyl, allyl, isopropenyl, butenyl, cyclohexeny! or gamma-{methjacryloxy allyl group, and
(i1} a hydrolvzable group, such as, for example, a hydrocarbyloxy, hydrocarbonyloxy, or
hydrocarbylamine group. Representative silane functionalities are those derived from vinyl
trimethoxy silane, viny! triethoxy silane, and gamma-(meth)acryloxy propy! trimethoxy
silane. Such functionality imparts hygroscopicity o the polyolefin, an undesirable property
for an insulation sheath in a medium (3 to 60 kV) or high 60 kV) voltage power cable.
10411  HPLDPE free of silane funciionality, which is produced in reactors under high
pressure, is a preferred polyolefin for use in the practice of this invention, The molecular
structure of high pressure low density polyethylene is highly complex. The permutations i
the arrangement of its simple building blocks are essentially infinite, High pressure resins

are characterized by an iniricate, long chain branch molecular architecture. These long chain

branches have a dramatic effect on the melt rheology of the resins. High pressure low
density polvethylene resins also possess a spectrum of short chain branches generally 1 1o &
carbon atoms in length that control resin crystallinity {(density). The frequency distnibution of

these short chain branches is such that, on the average, most chains possess the same average
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number of branches. The short chain branching distribution characterizing high pressure low
density polvethylene can be considered narrow,

130421 The Mw of the HPLDPE polymers free of silane functionality 1s typically at least
30,000, more typically at least 40,000 and even more typically at least 50,000, 'The
maximum Mw of the HPLDPE polymers free of silang functionality of this invention
typically does not exceed 750,000, more typically it does not exceed 500,000 and even more
typically it does not exceed 400,000, The molecular weight distribution or polydispersity or
Mw/Mn of these polymers is typically greater than 3, more typically between 3 and ¢ and
preferably between 3 and 3.

13043  The melt index (MDD of the HPLDPE polymers used in this invention is typically
at least 0.03, more typically at least .05 and even more typically at least 0.1, The maximum
MI of the HPLDPE polymers of this invention typically does not exceed 50, more typicaily i
does not exceed 30 and even more typically it does not exceed 20. The MI 1s measured by
ASTM D1238 {(Condition E) (150C/2.16 kg).

10044]  The density of these polymers is typically between (.900 and 0.950, more
typically between 0.905 and 0.945 and preferably between 0.910 and 0.940. Density 18
determined in accordance with American Society for Testing and Materials (ASTM)
procedure ASTM D792-00, Method B.

13045]  The high pressure polymerization process used in the practice of this invention 18
well known in the art. See for example USP 6,407,191 and 6,569,962, Most commercial
low density polyethvienes are polymerized in heavy walled autoclaves or tubular reactors at
pressures up to 40,000 pounds per square inch (psi) or more. The temperature 18 typically
between 70 and 320, preferably between 100 and 320 and more preferably between 120 and
320, °C. Ifthe HPLDPE is a copolymer, then the amount of comonomer used 1s typicaily
between 0.5 and 35, preferably between 2 and 30 and more preferably between 5 and 25,
weight percent based upon the combined weight of the ethylene and comonomer. Telomers
and other process additives are used as desired in known amounts and known ways.

{00461 In another embodiment, the polyolefin polymer free of silane functionality
inchudes but is not Himited to copolymers of ethylene and unsaturated esters with an ester
content of at least about 5 wi% based on the weight of the copolymer. The ester content is

often as high as 80 wit%, and, at these levels, the primary monomer 18 the ester.
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{36471  In a variafion on this embodiment, the range of ester content 1s 10 1o about

40 wt%. The percent by weight is based on the total weight of the copolymer. Examples of
the unsaturated esters are vinyl esiers and acrylic and methacrylic acid esters. The
cthvienc/unsaturated ester copolymers usually are made by conventional high pressure
processes. The copolymers can have a density i the range of about 0.900 t¢ 0.990 g/ce. In
vet another embodiment, the copolymers have a density i the range of 0.920 to (.930 giee,
The copolymers can also have a melt index in the range of about 1 to about 100 g/10 mmn. In
still another embodiment, the copolymers can have a melt index in the range of about 5 to
about 30 g/10 min.

{3048}  The ester can have 4 to about 20 carbon atoms, preferably 4 to about 7 carbon
atoms. Examples of vinyl esters are: vinvl acetate; vinyl bulyrate; vinyl pivaiate; vinyl
neononancate; vinyl neodecanocate; and vinyl 2-cthylhexanocate. Examples of acrylic and
methacrylic acid esters are: methyl acrylate; ethyl acrylate; t-butyl acrylate; n-butyl acryiate;
isopropyl acrviate; hexyl acrviate; decyl acrylate; lauryl acrylate; 2-ethylhexyl acrylate;
lauryl methacrylate; myristyl methacrylate; palmityl methacrylate; stearyl methacrylate;
3-methacryloxy-propylirimethoxysilane; 3-methacryioxypropyltriethoxysilane; cyclobexyl
methacrylate; n-hexylmethacrylate; isodecyl methacrylate; 2-methoxyethyi methacrylate:
tetrahvdrofurfuryl methacrylate; octyl methacrylate; 2-phenoxyethyl methacrylate; isobornyl
methacrylate; isoocivimethacrylate; isooctyl methacrylate; and oleyl methacrylate. Methyl
acrylate, ethyl acrvlate, and n- or t-butyl acrylate are preferred. In the case of alkyl acrylates
and methacrylates, the alkyl group can have 1 to about 8 carbon atoms, and preferably has 1
to 4 carbon atoms.

{36497  The high pressure polvolefin polymer free of silane functionality of the present
invention also includes ethvlene ethyvi acrviate, ethylene, butyl acryvlate, ethylene vinyl
acetate, vinvl ether, ethylene vinyl ether, and methyl vinyl ether. One example of
commercially available ethviene vinyl acetate is AMPLIFY™ 101 available from The Dow
Chemical Company.

[0056]  The high pressure polyolefins free of silane functionality used in the practice of
this invention can be used alone or in combination with one or more other polyoletins, e g, a
blend of two or more polyolefin polvmers that differ from one another by monomer

composition and content, catalvtic method of preparation, efc. If the polvolefin is a blend of
P , ) OTCY )
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two or more polyvolefing, then the polvolefin can be blended by any in~reactor or post-reactor
PIOCEss.

10031  Polymer Composition;

30521  The polyimer composition from which a cable sheath or other article of
manufacture is fabricated comprises a polyolefin {ree of silane functionality and a polyether
polyol with single hydroxyl functionality, or without any hydroxyi functionaiity. The
polyether polvol with single hydroxyl functionality or without any hydroxyl functionality
hyper-compressor lubricant comprises typically less than 300, preferably less than 100, parts
per mitiion {ppm} of the composition.

[{3633]  Preparation of a cable sheath, including but not limited to an insulation jacket,
with a polymer composition as described above will reduce the amount of electrical loss i a
polyolefin polvmer free of silane functionality relative to a polymer composition comprising
a polyether polyol with polvhydroxyl functionality, i.e., two or more hydroxyl functionaiities.
In addition, the polarity of the lubricant will be reduced by using a polyether polyol with
single hydroxyl functionality or without any hydroxyl functionality relative to using a
polyether polyol with polyhydroxyl functionality,

[0634]  The polymer composition from which the cable sheathing or other article of
manufacture is made can be filled or unfilled. If {illed, then the amount of filier present
should not exceed an amount that would cause degradation of the electrical and/or
mechanical properties of the silane-modified polyolefin. Typically, the amount of filler
present is between greater than 0 and 60, preferably between 0 and 30, weight percent based
on the weight of the polymer. Representative fillers include clay, magnesium hydroxide,
silica, calcium carbonaie,

(0551 Other additives can be used in the preparation of and be present in the polymer
composition of this invention, and these include but are not lumited {0 antioxadants,
processing aids, pigments and lubricants,

16036] Compounding of the polyolefin polymer free of silane functionality and lubricant
can be effected by standard means known to those skilled in the art. Examples of
compounding equipment are internal batch mixers, such as a Banbury™ or Boliing™
internal mixer. Alfernatively, continuous single or twin screw mixers can be used, such as a

Farrel™ continuous mixer, 3 Werner and Pileiderer™ twin screw mixer, or a Busg™
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kneading continuous extruder. The type of mixer utilized, and the operating conditions of the
mixer, will affect properties of the composition such as viscosity, volume resistivity, and
extruded surface smoothness.

B857] Articles of Manufacture:

[0058]  The polymer composition of this invention can be applied {0 a cable as a sheath in
known amounts and by known methods ({for example, with the equipment and methods
described in USP 5,246,783 and 4,144,202). Typically, the polymer composition s prepared
i a reactor-extruder equipped with a cable-coating die and afier the components of the
composition are formulated, the composition is extruded over the cable as the cable 18 drawn
through the die. Typically, the polyolefin is crosslinked as the sheath layer is fabricated
and/or subseguent to the fabrication of the sheath iayer. In a preferred embodiment of this
invention in which the polyolefin polymer contains long chain or other types of branching
with a melt index (I; of 1 1o 7 ¢/10 min), the insulation sheath coated onto the cable will cure
i | to 10 days at ambient temperature.

HHISH] Other articles of manufacture that can be prepared from the polymer compositions
of this invention, particularly under high pressure and/or elevated motsture conditions,
include fibers, ribbons, sheets, tapes, tubes, pipes, weather-stripping, scals, gaskets, foams,
footwear and bellows. These articles can be manufactured using known equipment and
technigues.

3066}  The following examples further illustrate the invention. Unless otherwise stated,

all parts and percentages are by weight.

SPECIFIC EMBODIMENTS

e T T T T T o o o o o o T T T T T L - -

(33611 Example 1.

0862]  The electrical properties of polyethviene prepared using a hypercompressor and
UCON™ PE-320 lubricant were compared to the electrical properties of polyethylene
prepared using a hyper-compressor and UCON™ PE-305 lubricant. Both UCON™ PE-32(
and UCON™ PE-305 are synthetic lubricants made from polyalkylene glycol-base stock
polymer and both are available from The Dow Chemical Company). Less 50 percent of the
molecnles of UCON™ PE-320 lubricant have one or none single hydroxyl functionality or, in

other words, at least 30 percent of the molecules comprise two or more hydroxyl
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functionalities. At least 50 percent of the molecules of UCON™ 305 have no more than one
hydroxyl functionality, The samples contained less than 300 ppm of lubricant.

18863]  Flat plagues of the prepared polyethylene were tested for high stress electrical
properties. Plagues of polvethviene were compressed and molded after mixing with between
1.3 and 1.7 wt% dicumyl peroxide and not more than 0.37 wit% of an antioxidant mixture
comprising a phenyl phosphite, a hindered amine light-stabilizer, and
distearyithiodipropionale.

{3364]  For preparation of the plagues, a steam press was preheated to 1200, Pellets were
pressed between two Mylar sheets under low pressure (6.89 MPa (1,000 psig) on single press
or 17.2 MPa (2,500 psig) for double press) for 2 minutes and high pressure (17.2 MPa (2,500
psig) on single press or 25 ton for double press) for 3 minutes. The plagues were cooled to
ambient temperature under high pressure for 10 minutes.

[665]  Dielectric loss in polvmer theory and practice is expostted in “Anelastic and
Dielectric Bffect in Polymer Solids” by McCrum et al. (Whiley Publisher). Elecirical loss
was measured with an appropriate high voltage bridge, such as the Soken DAC-PSC-UA.
The bridge was connected 1o a test cell like the DAC-OBB-7 with an appropriate reference
capacitor and high voltage power supply. A film of the test polymer was placed in the test
cell, which was then filled with a dielectric oil to prevent flashover at elevated voliage,
{ypically 1-10 kV. The test cell was placed in a controlled temperature oven and allowed to
come to thermal equilibrium with the bath. Voltage was the applied and the tangent delta
(electrical loss) of the sample was read from the bridge.

{3666]  The tangent delia for the polvethylene, DXM-496 (3 2.3 melt index, 0.92 g/ce low
density polvethyiene) produced with UCON™ PE-320, was compared to the tangent delta for
DXM-496 prepared with UCON™ PE-305. As shown in FIG. 1, the tangent delta for the
polyethyiene prepared with UCON™ PE-320 was much lower than the tangent delta for the
nolvethviene prepared with the UCON'™ PE-305. The dissipation factor of PE-305 was
similar to mineral oil and much less than UCON™ PR-320 at the stress levels studied
(KV/mm). '

¢667]  The polyethviene prepared from UCON™ PE-3085 lubricant displayed reduced
high stress dielectric loss as compared to the same polyethylene prepared with UCON™ PE-

320 lubricant.
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[0068] Although the invention has been described in considerable detail by the
preceding specification, this detail is for the purpose of illustration and is not to be construed

as a limitation upon the following appended claims.
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CLAIMS:

1. A cable sheath comprising a crosslinked, high pressure polyolefin free of silane
functionality and a hydrophobic polyether polyol of which at least 50 percent of its molecules

comprise no more than a single hydroxyl functionality.

2. The cable sheath of Claim 1 in which the high pressure polyolefin free of
silane functionality is selected from the group consisting of: HPLDPE, ethylene vinyl

acrylate, ethylene butyl acrylate, and ethylene ethyl acetate.

3. The cable sheath of Claim 2 in which the polyether polyol is of the formula:
R-[O-R;]x-O-R;

in which R is hydrogen or a Cj.»9 hydrocarby! or inertly-substituted hydrocarbyl radical, R; 1s
a C,.0 hydrocarbyl or inertly-substituted hydrocarbyl radical, R; is an end-capping group, and
n is an integer of 2-1000.

4, The cable sheath of Claim 3 in which the end-capping group is an alkyl or an
inertly substituted alkyl radical.

5. The cable sheath of Claim 4 in which R; 1s a C3.5 hydrocarbyl or inertly-
substituted hydrocarbyl radical. '

6. The cable sheath of Claim 5 in which R is hydrogen.

7. The cable sheath of Claim 1 in which the polyether polyol comprises less
than 300 ppm of the cable sheath. ‘

8. The cable sheath of Claim 1 in the form of an insulation layer of a power cable.

9. The cable sheath of Claim 1 in the form of an insulation layer of a medium or

high voltage power cable.

10. The cable sheath of Claim 1 comprising filler.
16
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11. The cable sheath of Claim 1 free of filler.
12. The cable sheath of Claim 1 in which the weight average molecular weight of

the polyether polyol i1s between 100 and 3,000 g/mol.
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